Abstract: Librarians face difficult collection management decisions due to the proliferation of potential resources and the limited funding available to libraries. Reference analysis can act as a tool for selecting and de selecting materials because it provides insight into the materials that are selected by various user groups. This study analysed references in graduate architecture theses at Dalhousie University written between 2003 and 2006 to determine the format and age of materials used and the most frequently cited items. The study indicated that the average age of materials used was 18 years. It also showed that 65% of the items referenced were monographs, 17% were web-based materials and 10% were serials. This is contrary to other reference analyses, which found that journals are the most frequently used format. These findings suggest the need for further research into information literacy and interlibrary loan. To confirm this study additional reference analysis of Dalhousie architecture collections are necessary. 
Introduction
With the ever-increasing number of books and journals in existence, libraries are challenged with deciding which books they will purchase and to which journals they will subscribe. They must contend with limited and sometimes decreasing funding, as well as limited physical space in which to house their collections. Inadequate funding may result in problems related to staffing, programming, facilities, and collection management (See Appendix) (American Library Association, 2006) . Citation analysis (See Appendix) is a component of bibliometrics (See Appendix) that has been studied for over eighty years (Gross & Gross, 1927) . It is a research tool designed to find patterns within scholarly research. This method provides an unobtrusive and non-reactive means for gathering data (Sylvia, 1998, p.22) . A local reference analysis can provide librarians with statistics necessary to justify budgetary increases to improve core collections. 'In an age of spiraling journal costs and shrinking budgets, local citation analysis is one tool for enabling libraries to develop strong and cost-effective collections'' (Rethlefsen, 2007, p. 265) . Citation analysis is used as a tool for collection evaluation (Chambers & Healey,1973; Williams & Fletcher, 2006; Waugh & Ruppel, 2004) . Researchers study the citations that are used in scholarly works to determine trends that will impact library collections. Although 'the term citation analysis has been commonly used to describe this type of study, this really is, in essence, a 'reference analysis''' (Georgas & Cullars, 2005, p. 499 ).
An examination of citation analysis research appears to indicate a lack of information written about the architecture discipline. Recent examples of citation analyses by Williams and Fletcher (2006) and Haycock (2004) indicate the usefulness of subject specific research. Williams and Fletcher found that academic libraries rely on faculty to assist in collection development but students have very little input into the process (2006) . Graduate students are one of the primary user groups and they require research materials that do not always reflect the interests of faculty (Pancheshnikov, 2007, p. 675) . Citation analyses of theses and dissertations provide library staff with a broader perspective of the demands made on their collections.
Journals are one of the most commonly used research tools (Pancheshnikov, 2007; Rethlefsen, 2007; Williams & Fletcher, 2006) . Citation analysis can be used to rank, evaluate and categorize journals based on their frequency of article citation. It can help identify areas of weakness within a collection (Rethlefsen, 2007, p. 264) . In 1948 Bradford formulated an empirical law that is a standard in the field of bibliometrics to identify and rank resources based on their citation frequency. The Law states that: If scientific journals are arranged in order of decreasing productivity of articles on a given subject, they may be divided into a nucleus of periodicals more particularly devoted to the subject and several groups or zones containing the same numbers of articles as the nucleus, when the numbers of periodicals in the nucleus and succeeding zones will be as 1 : n : n² : . . (Brookes, 1969, p. 953 Data collected from a reference analysis has repercussions beyond collection management. It provides insight into reference services and information literacy instruction (Georgas & Cullars, 2005 p. 496 ). Bibliometric studies increase the knowledge of librarians who have no academic background to support their work. 'In the absence of highly expert subject specialists on a library staff, citation studies can be of considerable value in choosing serials and even monographs'' (Broadus, 1977, p. 328 ).
Citation analysis is an effective tool but it has limitations. MacRoberts and MacRoberts (1989) stated that 'most authors simply did not cite the majority of their influences, and none cited all influences'' (p. 343). Graduate students may include references even if a work is marginal or irrelevant to their theses (Sylvia, 1998, p. 22) . In turn, students may not cite important research if it is not published in their native language or cannot be found locally (MacRoberts & MacRoberts, 1989, p. 345; Sylvia, 1998, p. 22) . Researchers must use caution when drawing conclusions and making recommendations based solely on citation analysis data. Broadus (1977) recommends using citation analysis in addition to considering in-house use, circulation, and interlibrary loans to determine the usefulness of items.
Reference analyses have been used as a collection development tool within the disciplines of engineering, linguistics, education, sciences and psychology (Williams & Fletcher, 2006; Georgas & Cullars, 2005; Haycock, 2004; LaBonte, 2005; Sylvia, 1998) . Based on a survey of the available literature, it appears that no citation or reference analyses for the architecture discipline have been published, indicating that research within the field is necessary.
In 2006 a committee of three librarians were engaged to perform an external review of the services and resources at Dalhousie University's Sexton Design & Technology Library. The committee consisted of librarians with expertise in engineering, architecture, and library management. The committee engaged in a review of library materials and interviews with faculty, staff, and students, and found that 'faculty and graduate students [at Sexton Library] revealed their view that the collection does not support advanced research, graduate work...'' (Berger, Philipps, & Presser, 2006, p. 3) . The Canadian Architectural Certification Board reported in the accreditation review that the collection was below the expected standard (Berger, Philipps, & Presser, 2006) . The committee also identified gaps in the monograph collection.1
Research Problem
The purpose of this study is to analyse the references found within Master's theses written by architecture students at Dalhousie University during the period of [2003] [2004] [2005] [2006] . This paper will answer the following questions: This resulted in 165 theses to study; however, 1 thesis was scanned incorrectly by Proquest. The remaining 164 theses were available in a full-text PDF format. The researchers collected data from the lists of references that students included at the end of their theses but they did not count how many times each reference was cited within the document. The documents had not been scanned in an electronically-searchable format, and manual searching would have been excessively time-consuming and susceptible to human error. Researchers entered the bibliographic references into a Microsoft Access database. Citations that did not include the name of the author, publisher and date were excluded. Several entries for buildings and organizations were excluded because they did not include all three of the items stipulated above.
The database consisted of three tables. The first table included a unique number to identify each thesis, the author's name, the title of the thesis and the date it was published. The second table listed all of the bibliographic formats used by the Master's students. The third table was connected to the first two tables in order to retrieve the author of the thesis and the format of materials. This ensured that the researchers used consistent terms in their data entry. The fields in the third table included: The format of the referenced material was analysed to determine the type of material used most frequently by the architecture graduate students. The publication dates of the material were analysed and averaged. To find the average publication date, records without dates and records from websites were excluded. The journal frequency data was grouped according to Bradford's Law. According to this law, journals were placed into three groups based on the frequency of references.
Results

Format of Materials
The data gathered from the 164 architecture theses consisted of 3956 collected references. The following are some of the key discoveries made regarding the format of materials:
· Monographs accounted for 65% of the references.
· Serials (print and electronic) accounted for 10% of the references.
· Web-based materials (websites, websites -government, websites -photo) accounted for 17% of the references.
· Based on a sampling of 406 of the websites that were referenced, 65% of them were active as of April 9, 2008.
· The remaining nine categories accounted for the final 18% of the references.
· The `other' category consisted of items such as personal interviews, pamphlets, speeches, sound recordings and exhibition catalogues. These were classified as `other' because there were too few items to constitute an entire format category.
A complete breakdown of the 15 formats used in the theses is found in Table 1 .
Age of Materials
The publication dates of material cited range from 1525 to 2006. Table 2 shows that almost a quarter of the referenced items were published within the last six years. To determine the average age of published materials the researchers excluded references that did not contain a publication date or were from websites. The website material was excluded because the material is not contained within the library collection and the publication dates would have no impact on collection development. The mean publication date of the remaining references was 1990 and the median was 1995.
Journal Frequency
The thesis citations contained 399 journal references from 185 journal titles. The top 6% of journals accounted for 33% of the total journal references. The journals were placed into three zones according to Bradford's Law. The number of journal references (399) was divided by 3 to determine how many references should be included in each zone ('Bibliometrics'', n.d.). The first zone contained 11 journal titles and 134 references (See Table 3 ). The second zone contained 132 references in 48 journal titles (See Table 4 ) and the third zone had the remaining 126 journal titles and 133 references. The majority of the journals only received 1 citation. 
Discussion
Formats of Materials
Based on research literature, journals were expected to be the most commonly cited material format. Citation analyses of scientific materials found that journals typically represent 80% of the content cited. (Bowman 1990 and Devin & Kellogg, 1990 as cited by LaBonte, 2005) . The results of this architecture research do not reflect existing studies of scientific publications. This may be due to the nature of the architecture discipline. Although there is a need for technical skills and information, the architecture students referenced a broad range of materials that incorporate music, philosophy, politics, and other topics indirectly related to architecture. Architecture may be more closely aligned with social sciences or arts and humanities disciplines which rely less heavily on journals than their science counterparts (Kushkowski, Parsons, & Wiese, 2003) . The findings of this research show that monographs are the most frequently referenced and that just over 10% of the materials cited are journals. The data clearly indicates that a large percentage of an architecture library's budget should be spent on monographs. This finding corresponds with the Berger, Philipps, and Presser external review which recommended an increase to the monograph collection.
The increasing use of online resources may also impact library collections. After sampling the web-based references the researchers found that 35% were not accessible. This may be partially due to typographical errors made by students when creating the reference or when researchers entered the reference into the database. Some of the websites may also no longer be maintained by their owners. The use of stable and reliable websites might become more prevalent if libraries devoted resources to cataloguing and preserving web-based documents.
Age of Materials
The reference materials within this study were notably older than those in an engineering reference analysis conducted by Williams and Fletcher. Williams and Fletcher found that '50% of all materials cited were published within the last eight years' ' (2006) , as compared to the findings of 13 years from this architecture study. This information emphasises that architecture is a unique discipline and that older materials still have a purpose. A librarian at Dalhousie's Sexton Library confirmed that architecture materials do not become dated and they retain their value over time. This is reflected in the current draft of their collection policy (H. Powell, personal communication, February 12, 2008) .
The average publication date of materials was 1990. Determining the age of materials can be a useful tool when de-selecting or deciding if materials should be sent to off-site storage or archival facilities. However, de-selecting architecture materials based on the age of publication is not a valid method. The Sexton Library only de-selects materials that are in poor condition or those superseded by newer editions (H. Powell, personalcommunication, February 12, 2008) .
Frequency of Journals
Determining the frequency of journals can assist library staff in making collection development decisions. Dividing the referenced journals into three zones according to Bradford's Law can assist in the decision-making process. Journals in zone one have been identified by the graduate students as key resources and it is essential that students can access these items. The Sexton Library owns all of the serials in the first zone.
Journals listed in zone three are the items that are infrequently cited. If a library faces budgetary cuts, the journals within zone three may have the potential for de-selection. If items are readily available through document delivery and can be acquired in a timely manner, the library may not need to renew these subscriptions. Document delivery availability and journal citation frequency should not be used as the sole criteria for de-selecting materials. Details such as price, the specificity of a topic, the publication frequency, and in-library use are all to be considered when making de-selection decisions.
Conclusion and Further research
A reference analysis is an unobtrusive method of gathering data to assist in collection development. The results of the analysis will help staff gain further insight into and understanding of core resources and the type of multidisciplinary sources required by graduate architecture students. This analysis found that monographs are more frequently used than journals by architecture students, suggesting architecture research is more closely aligned with arts and humanities rather than pure sciences. Similarly, the age of materials used by architecture students was older than materials in other reference analyses. The research also identified the most frequently and infrequently used journals. These findings may assist librarians facing limited budgets when making selection and de-selection decisions. A reference analysis can be a useful collection management tool if its limitations are recognized. Based on research observations, other areas must be studied to develop a comprehensive overview of library services and resources. Suggested areas for further research include information literacy, the use of interlibrary loan, and reference analyses from similar architecture graduate programs.
Based on the researchers' findings that architecture students used older materials that were primarily monographs, it would be useful to study their research habits. A study could determine if students are using all available tools to search for articles, maps and images rather than relying on the local catalogue which principally includes monographs. Additionally, the researchers discovered that many of the citations were poorly documented. Library staff could examine how best to educate students about citation styles, as it is an important professional skill. The fact that 17% of the resources used were web-based also has implications for information literacy services offered by the library. Research should be done to determine if students evaluate their web-based resources for validity and authority.
Additional research should be conducted into the use of services such as interlibrary loan and document delivery. Before making collection management decisions, library staff should investigate the format and age of materials borrowed through other libraries. If their research indicates a significant gap in the collection, staff can determine if purchasing resources is more cost-efficient than borrowing from other libraries.
